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INFLUENCE OF NANOMATERIAL-BASED CONTACT
LENSES ON SOLUTIONS WITH DIFFERENT
GLUCOSE CONCENTRATIONS

J. Sakota Rosi¢', M. Tomié', N. Milojevié’, G. Nikoli¢', B. Koruga'

' NanoLab, Biomedical Engineering, Faculty of Mechanical Engineering,
University of Belgrade, Serbia
? Intellectual Property Office, Belgrade, Serbia

Abstract: Goal of this research is focusing on early de-
tection of high glucose level in blood via eye, using contact
lenses, because we have come to conclusion that skin is not the
most suitable place for measuring glucose level, considering
invasive and expensive techniques. These specific contact len-
ses, made of biocompatible nanostructured materials, present
biosensors for continuous, noninvasive glucose monitoring and
other bioanalits which can be found in tears.

In this paper we present the comparative studies of the
influence of nanomaterial-based contact lenses on five solutio-
ns with different glucose concentrations. The nanophotonic
contact lens and contact lens made from base material were di-
pped in solutions over a specific period of time, in order to de-
termine their influence on the glucose solutions. The base ma-
terial of contact lens was made from PMMA and the nanopho-
tonic contact lenses were made of fullerene doped PMMA. Fu-
llerenes were used because of their good transitive characteris-
tics in ultraviolet, visible and near infrared light spectrums.
Measurements were done at room temperature. Results of all
solutions are presented and compared.

Key word: Contact lenses, glucose, fullerene, OMIS.

INTRODUCTION

Diabetes (diabetes mellitus) is a chronic, incurable systemic metabolic dis-
order characterized by hyperglycemia or hypoglycemia. Today is one of the most
common endocrine diseases, with the prevalence increasing (especially in devel-
oped countries). This is a consequence of modern lifestyles [1].

Statistical data from the latest research shows that 25,8 million (8,3%) chil-
dren and adults in the United States have diabetes. It is assumed that 79 million
people in the United States suffers from prediabetes. In 2007, diabetes was listed as
the underlying cause on 71.382 death certificates and was listed as a contributing
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factor on an additional 160.022 death certificates. This means that diabetes con-
tributed to a total of 231.404 deaths [9].

Next to heart diseases, stroke, high blood pressure, kidney disease, nervous
system disease (neuropathy), amputation, diabetes is the leading cause of new
cases of blindness among adults aged 20—74 years. In 2005-2008, 4,2 million
(28,5%) people with diabetes aged 40 years or older had diabetic retinopathy, and
of these, almost 0,7 million (4,4% of those with diabetes) had advanced diabetic
retinopathy that could lead to severe vision loss [9].

Total costs of diagnosed diabetes in the United States in 2012 amounted
$245 billion. $176 billion for direct medical costs, and $69 billion in reduced pro-
ductivity. For blood glucose test strips each year a nearly $ 7 billion is spent [1].
For the purpose of cost reduction and improvement of monitoring changes in glu-
cose levels in people with diabetes new types of contact lenses doped with fulle-
renes are produced.

In this paper we present the investigation of influence of three sorts of con-
tact lenses on solutions with different glucose concentrations. Analysis of influence
on different solutions were made for standard contact lenses and contact lenses
with fullerene Cgo, fullerol Cg(OH),4 and metformin hydroxylate fullerene
Cs0(OH)12(OCy4NsH )12. Opto-magnetic imaging spectroscopy method was used
for characterizing the samples.

MATERIALS

For purposes of this research, we used four types of materials: SP40"™, full-
erene SP40+Cg, fullerol SP40+Cso(OH).s, and metformin hydroxylate fullerene
SP40+Cgo(OH)12(OC4NsH ).

Thin plates of SP40™ which were purchased from manufacturer Soleko, It-
aly [11] were used for making gas-permeable (RGP) contact lenses. The visible
transmittance of these contact lenses is less than 90%, ultraviolet transmittance is
less than 60%, and its refractive index is 1,472 [10].

In our investigation we used three different sorts of nanomaterials: fullerene C,
fullerol Cgo(OH),4 and metformin hydroxylate fullerene SP40+Cqo(OH)2(OC4NsH )15
One gram of each nanomaterial was added during the polymerization process to the
standard polymethylmethacrylate material, SolekoSP40" [2]. The percentage of
nanoparticles in solution was 0,33%, but they are not completely dissolved in MMA.
Polymerization was homogeneous in all samples therefore new so-called photonic
nanomaterials for RGP contact lenses were obtained. The third polymerization was
carried out without nanomaterial, which is a regular Soleko SP40 RGP material, from
which we made contact lenses, serving as the reference sample [3].

Spectroscopic properties of fullerenes are closely related to their symmetry
[4]. Structural information can be obtained from the number of connections, for
example in the IR spectrum. Cgy has a very low solubility and high crystallinity.
Also, the Cg fullerene and its derivatives show different excellent electronic, con-
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ductive, magnetic and photochemical properties, but their processing is weak.
Therefore, they have many potential applications if they are in polymers, such as
the Cg incorporated into PMMA. Polymers are brown and the colour becomes
darker with increasing Cgo content in the polymer, whose addition also improves
the thermal stability of polymers. One of the main disadvantages in fullerene appli-
cations is its low solubility in water. In order to make them soluble, they must be
functionalized with polar groups such as —OH and —COOH [6]. Polymer systems
containing Cgy molecules show different solubility and formed aggregates at the
nano level, which have interesting morphologies.

The properties of Cg can also be modified by its incorporation into polymers
making it a material that can be easily handled and produced (Figure 1). Therefore,
combination of both systems has led to a wide variety of new materials showing
appealing features based on the possibility of tuning their properties by modifying
the chemical nature of the components or the chemical linkage between them [5].

Also, five solutions with different glucose concentrations have been used for
dipping nanophotonic contact lens and contact lens made from base material over a
specific period of time.

(a)
e 2 Qe @

Monomer Polymer Cgo-End-Capped Polymer

(b)
@ > G-tae

Figure 1. Synthetic strategies for the synthesis of Cgp-end-capped polymers [7].

METHODS

For the characterization of solutions with different glucose concentrations
we used one type of spectroscopy method: opto-magnetic imaging spectroscopy
(OMIS). All measurements were performed in air at room temperature.

OPTO-MAGNETIC IMAGING SPECTROSCOPY METHOD (OMIS)

Each type of matter has special, different, angle value of light polarization.
When the incident white light is diffuse, the reflected white light is composed of
electrical and magnetic components, whereas diffuse incident light that is inclined
under certain angle will produce reflected light which contains only electrical com-
ponent of light (figure 2). This angle is called Brewster’s angle and it represents the
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magnitude of the angle of incidence under which the sample polarizes the incident
light. Taking the difference between white light (electromagnetic) and reflected
polarized light (electrical) yields magnetic properties of matter based on light-
matter interaction. Because such measurement can identify the conformational state
and change in tissue on molecular level we named this method the opto-magnetic
imaging spectroscopy [8].

The equipment for recording was a Canon digital camera, model IXUS 105,
12.1 MP. The light solution was accomplished by diffuse white diode and a light-
ing composition at Brewster’s angle (three LED set at angle of 60° in regard to
vertical axes). The recording region is circular with diameter of about 25 mm. In
addition to customized camera, a software solution is used for analyzing the ob-
tained images, yielding a characteristic diagram — diagnostic result — showing the
intensities of light in correspondence with wavelength difference. Since this light is
polarized by the sample that means that the character of polarization describes the
character of the material. In this way, by characterizing the reflected light we can
actually characterize the properties of the sample. This method is very sensitive
since it detects magnetic properties on the basis of the response to visible light
excitation which is relatively low in energy [8].

In this part of the research we used four types of contact lenses: standard
SP40, SP40 with Cg incorporated, SP40 with Cgo(OH),4 incorporated, and SP40
with Cgo(OH)1,(OC4NsHyg)12. The solutions with different glucose concentrations,
were poured into cups of 20 ml, and the contact lenses were put into those solu-
tions. The solutions with contact lenses were left for 168 hours. After 168 hours,
the contact lenses were taken out of the solutions, and the solutions were poured in
other cups for taking pictures. Every sample was shot 10 times, with white and
reflected polarized light. The pictures of solutions, without influence of contact
lenses, were taken as well, for comparison.

Digital detector Digital detector Light
(camera) (camera) source

Light source....... )

-Light source
Inc'de,m c.!|ﬁ'use M - Reflected diffuse Reflected polarized'hght Incident diffuse white light
white light white light
Specimen Specimen

Figure 2. Operational principle of opto-magnetic imaging spectroscopy method [8].

RESULTS

By analyzing average spectrums diagrams we can see the differences and si-
milarities, on the diagrams from the same class (Figure 3). It is obvious that all
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solutions with different glucose concentrations have four peaks, two positive and
two negative.
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Figure 3. Comparison of Wavelength difference (nm)- Intensity (n.a.u.) diagrams for solu-
tions with different glucose concentrations

For glucose solution with concentration of 5 mmol/l average wavelengths
and amplitudes for the first and the second positive peak are 104,97/129,25 and
109,96/200,44, respectively, and for the first and the second negative peak they are
107,66/-198,31 and 111,31/-165,90. On the other hand, those peaks after 168 hours
are at 129,67/12,93 and 136,80/4,22, and negative ones at 133,28/-10,85 and
140,37/-13,35.

For glucose solution with concentration of 10 mmol/l average wavelengths
and amplitudes for the first and the second positive peak are 103,44/192,98 and
108,24/197,81, respectively, and for the first and the second negative peak they are
106,32/-185,66 and 109,77/-199,36. However, those peaks after 168 hours are at
107,28/1,93 and 142,30/9,74, and negative ones at 110,93/-4,64 and 149,10/-18,02.

For glucose solution with concentration of 15 mmol/l average wavelengths
and amplitudes for the first and the second positive peak are 104,60/142,56 and
110,54/72,47, respectively, and for the first and the second negative peak they are
108,05/-196,52 and 111,86/-53,53. Furthermore, those peaks after 168 hours are at
127,61/6,06 and 156,75/15,41, and negative ones at 162,80/-13,78 and 171,43/-
7,37.

For glucose solution with concentration of 20 mmol/l average wavelengths
and amplitudes for the first and the second positive peak are 104,98/185,50 and
110,16/174,72, respectively, and for the first and the second negative peak they are
107,48/-202,64 and 111,31/-206,46. However, those peaks after 168 hours are at
108,62/15,20 and 117,33/37,31, and negative ones at 106,13/-39,30 and 121,48/-
80,73.

For glucose solution with concentration of 25 mmol/l average wavelengths
and amplitudes for the first and the second positive peak are 104,98/131,70 and
110,16/128,67, respectively, and for the first and the second negative peak they are
107,86/-172,02 and 111,31/-97,36. On the other hand, those peaks after 168 hours
are at 108,62/14,58 and 115,53/22,73, and negative ones at 105,94/-37,24 and
121,22/-19,55.
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Figure 4. Comparison of Wavelength difference (nm)- Intensity (n.a.u.) diagrams for glu-
cose solution with concentration of 5 mmol/l with contact lens with Cgy (SP40+Cgsyt+GS),
glucose solution with contact lens with Csy(OH),4 (SP40+Csy(OH),4+GS) and glucose
solution with contact lens with Csy(OH);,(OC4;NsH ),

(SP40+ Cyo(OH) 12(OCyN5H 1) 12+ GS)

The positive peaks for the glucose solution with concentration of 5 mmol/l
under influence of Cgy are at 113,04/13,20 and 130,77/9,33, and the first and the
second negative peak are at 110,93/-10,40 and 134,86/-14,29. When glucose solu-
tion was under influence of Cg(OH),4 the positive peaks are at 115,73/7,98 and
131,07/12,34, and the negative peaks are at 111,87/-10,10 and 151,83/-8,32, res-
pectively. The differences in wavelengths are approximately 2 nm and 1 nm for po-
sitive peaks, and approximately 1 nm and 17 nm, and for intensities approximately
0,3 units and 6 units for the negative peaks and 6 units and 3 units for the positive
ones. In the case of influence of the contact lens with incorporated
Ce0(OH)12(OC4NsHyp)1» on the glucose solution there are four peaks, two positive
and two negative. The first positive peak is at 113,42/14,39 and the second is at
127,89/44,50, and the negative ones are at 111,69/-15,05 and 131,71/-44,13.
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Figure 5. Comparison of Wavelength difference (nm)- Intensity (n.a.u.) diagrams for glu-
cose solution with concentration of 10 mmol/l with contact lens with Cgy (SP40+Cgy+GS),
glucose solution with contact lens with Csy(OH),4 (SP40+Csy(OH),4+GS) and glucose
solution with contact lens with Csy(OH);,(OC4;NsH ),

(SP40+ Cyo(OH) 12(OCyN5H 1) 12+ GS)

The positive peaks for the glucose solution with concentration of 10 mmol/I
under influence of Cgy are at 113,61/9,86 and 130,28/14,17, and the first and the
second negative peak are at 111,70/-9,61 and 136,43/-24,92. When glucose solu-
tion was under influence of Cgo(OH),4 the positive peaks are at 115,72/38,35 and
133,68/37,55, and the negative peaks are at 113,42/-27,69 and 137,62/-48,30, res-
pectively. The differences in wavelengths are approximately 2 nm and 3 nm for posi-
tive peaks, and approximately 2 nm and 1 nm, and for intensities approximately 18
units and 24 units for the negative peaks and 29 units and 23 units for the positive
ones. In the case of influence of the contact lens with incorporated
Cs0(OH)2(OC4NsH )1, on the glucose solution there are four peaks, two positive and
two negative. The first positive peak is at 124,44/3,25 and the second is at
158,40/17,47, and the negative ones are at 110,92/-4,04 and 164,97/-22,02.
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Figure 6. Comparison of Wavelength difference (nm)- Intensity (n.a.u.) diagrams for glu-
cose solution with concentration of 15 mmol/l with contact lens with Cgy (SP40+Csy+GS),
glucose solution with contact lens with Cgy(OH),4 (SP40+Csy(OH),4+GS) and glucose
solution with contact lens with Cgy(OH);,(OC/NsH ) 1>
(SP40+ Csp(OH) ;5(OCyN5H 19) 15+GS)

The positive peaks for the glucose solution with concentration of 15 mmol/I
under influence of Cg are at 114,57/59,40 and 127,60/22,70, and the first and the
second negative peak are at 112,46/-35,41 and 143,09/-11,55. When glucose solu-
tion was under influence of Cgo(OH),4 the positive peaks are at 113,99/26,45 and
133,68/23,68, and the negative peaks are at 112,27/-29,70 and 137,62/-24,60, re-
spectively. The differences in wavelengths are approximately 1 nm and 6 nm for
positive peaks, and approximately 0 nm and 6 nm, and for intensities approximate-
ly 33 units and 1 units for the negative peaks and 6 units and 13 units for the posi-
tive ones. In the case of influence of the contact lens with incorporated
Cs0(OH)12(OC4NsH )1 on the glucose solution there are four peaks, two positive
and two negative. The first positive peak is at 127,89/16,30 and the second is at
162,80/16,65, and the negative ones are at 156,24/-8,63 and 171,43/-20,28.

CONCLUSION
According to the diagrams of five solutions with different glucose concentra-

tions there is a dramatic difference in the values of the positive and negative peaks
on Wavelength difference (nm)-Intensity (n. a. u.). Therefore we can conclude that
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glucose is dissolved within 168 hours, which is of great importance for the further
course of this experiment.

The acquired Wavelength difference (nm)-Intensity (n. a. u.) diagrams show
that all three sorts of contact lenses have almost the same influence on all three glu-
cose solutions. For all three glucose solutions before adding the contact lenses
there are no significant peaks, neither positive nor negative. The diagrams are al-
most the same before putting the contact lenses for all three glucose solutions. Al-
so, it is obvious that all three types of contact lenses have certain reactions with
solutions with different glucose concentrations.

In the case of glucose solution with concentration of 5 mmol/l under influen-
ce of contact lenses with incorporated Cqp and Cgo(OH),4 the diagrams are slightly
different. It is obvious that these sorts of contact lenses have slight influences on
solution with concentration of 5 mmol/l, while we can conclude that contact lens
with Cg(OH)2(OC4NsH o), has the biggest influence on this glucose solution.
Also it is marked that the peaks appear at wavelengths in range of 112 nm to 171
nm, while intensities have bigger variations.

In the case of glucose solution with concentration of 10 mmol/l under influ-
ence of contact lenses with incorporated Cgy and Cgo(OH);2(OC4NsH ), the dia-
grams are slightly different. It is obvious that those sorts of contact lenses have sli-
ght influences on solution with concentration of 10 mmol/l, while we can conclude
that contact lens with incorporated Ceo(OH),4 has the biggest influence on this glu-
cose solution. Also it is marked that the peaks appear at wavelengths in range of
110 nm to 164 nm, while intensities have bigger variations.

In the case of glucose solution with concentration of 15 mmol/l under influ-
ence of contact lenses with incorporated Cgo(OH),4 and Cgo(OH),2(OC4NsH )1, the
diagrams are slightly different. It is obvious that those sorts of contact lenses have
slight influences on solution with concentration of 15 mmol/l, while we can con-
clude that contact lens with incorporated Cg has the biggest influence on this glu-
cose solution. Also it is marked that the peaks appear at wavelengths in range of
112 nm to 171 nm, while intensities have bigger variations.

The aim of this work was to investigate the influence of contact lenses made
of different materials, the standard SP40 material and SP40 material with incorpo-
rated nanomaterials (Cgp, Ceo (OH)o4) and Ceo(OH);2(OC4NsHo)12) on liquids that
have similar concentration of glucose as tear film.

Finally, we can conclude that it is possible to detect the differences in influ-
ences of contact lenses on glucose solutions with opto-magnetic imaging spectro-
scopy method, and according to acquired diagrams there are differences and simi-
larities of influences of different contact lenses.
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YTULAJ KOHTAKTHUX COUNBA N3PABEHUX O/l HAHOMATEPUJAJIA
HA PACTBOPE I'JTYKO3E PA3JIMUNUTUX KOHUEHTPALIMJA

Amncrpakrt: [{iwb oBOT HCTpaXuBama je GOKycHparme Ha
paHy JIETeKI}jy TOBUILIEHOT HUBOA IIyKO3€ Y KPBH IPEKO OKa,
MPUMEHOM KOHTAaKTHHX COYHMBA, 3aTO IITO j€ YCTAHOBJHEHO JIa
KO’Ka ¥ HHUje Haja/JIeKBaTHHje MECTO 32 Mepeme HUBOA TIIyKO3e,
¢ 003upoM Ha MHBa3WMBHE M ckyne Mmeroxe. OBa crienuduyHa
KOHTaKTHA COYMBA, HAaNPaBJbeHA O]l HAHOCTPYKTYPHUPAHUX Ma-
Tepujana, IpeAcTaBibajy OMoceH30pe 3a KOHTUHYAITHO, HEMHBA-
3uBHO npaheme HUBOA TIYKO3€ M JPYTUX OMOaHAINTa KOjH Ce
Mory Hahu y cy3ama.

Y 0BOM pajy mpelcTaB/baMo YHOPEAHY CTYIH]y yTHIIA-
ja HaHO(OTOHMYHUX COYMBA Ha TET PACTBOpPA TIIyKO3€ Pasiu-
YUTUX KOHIEeHTpauuja. HaHopoToOHNYHA KOHTaKTHa COYMBa U
KOHTaKTHa COYMBAa M3pal)eHa o1 OCHOBHHMX Marepujalia MmoTorl-
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JbCHA Cy Y PacTBOpE TOKOM OJpeleHOr BpeMEHCKOI MepHoja,
ca IUJbEeM Jia ce YTBPIU HBHUXOB YTHUIIAj Ha pacTBOpe IIYKO3e.
OCHOBHHM MarepHjaj 3a KOHTaKTHA COYMBA HalpaBJbEH j€ Of
PMMA, a HaHo(oTOHNYHA KOHTaKTHA co4YMBa n3paleHa cy on
PMMA nonmpasor ¢ynepenom. ®dynepenu cy xopumrheHu
300T CBOjHUX JOOPUX MPOMYCHUX KapaKTEPHUCTHKA Y TOMEHY YII-
TpaJjbyOudacTe, BUIJbUBE U ONHCKe MH(]paIpBEeHEe CBETIOCTH.
Mepema cy pahena Ha coOHOj TemnepaTypu. Pesynratn cBux
pacTBOpa NPE3CHTOBAHHU Cy U yropeheHu.

Kiby4yHe peuyn: KOHTaKTHA COYMBA, IIyK03a, (yIepeHy,
OMIS.
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